The Difficult Airway Society 2015 guidelines recommend and describe in detail a surgical cricothyroidotomy technique for the can't intubate, can't oxygenate (CICO) scenario, but this can be technically challenging for anaesthetists with no surgical training. Following a structured training session, 104 anaesthetists took part individually in a simulated can't intubate, can't oxygenate event using simulation and airway models to evaluate how well they could perform these front-of-neck access techniques. Main outcomes measures were: ability to correctly perform the technical steps; procedural time; and success rate. Outcomes were compared between palpable and impalpable cricothyroid membrane scenarios. Anaesthetists' technical abilities were good, as assessed by a video analysis checklist score. Mean (SD) procedural time was 44 (16) s and 65 (17) s for the palpable and impalpable cricothyroid membrane models, respectively (p ≤ 0.001). First-pass tracheal tube placement was obtained in 103 out of the 104 palpable cricothyroidotomies and in 101 out of the 104 impalpable cricothyroidotomies (p = 0.31). We conclude that anaesthetists can be trained to perform surgical front-of-neck access to an acceptable level of competence and speed when assessed using a simulator.
Introduction
The can't intubate, can't oxygenate (CICO) scenario describes a rare life-threatening situation where attempts to manage an airway by tracheal intubation, supraglottic airway devices and face-mask ventilation have all failed. In such circumstances, a bougie-assisted surgical cricothyroidotomy is currently advocated by UK national guidelines as the preferred method of rescuing the airway [1, 2] .
Correct identification of the cricothyroid membrane is essential for successful cricothyroidotomy, but is not always possible by external palpation [3] [4] [5] . In such cases, exposure of the cricothyroid membrane via a vertical skin incision and finger dissection is described by the Difficult Airway Society (DAS) 2015 guidelines [1] . This may be technically challenging and stressful for anaesthetists, who might have little or no surgical training or experience. Some, therefore, advocate that initial attempts should instead be made with a cannula device [6] .
The aim of this study was to evaluate the procedures described in the DAS 2015 guidelines for emergency front-of-neck access (FONA) in a simulated CICO scenario. Our primary aim was to evaluate the proficiency with which anaesthetists can perform the individual technical steps described by the guidelines. Our secondary research question was whether palpability of the cricothyroid membrane influences the time taken to access the trachea, the likelihood of procedural failure or the proficiency of performing the technical steps.
Methods
The study protocol was reviewed by the local Research, Development and Innovation Department. As the study involved National Health Service staff recruited as research participants by their professional role, the committee deemed that formal national research ethics approval was not required. Written consent was, however, obtained from all participants after explaining the study details. The study was conducted between September and December 2016, during which time anaesthetists of all grades at the University Hospitals Coventry and Warwickshire NHS Trust were invited to participate.
We developed a structured training programme for the palpable and impalpable cricothyroidotomy techniques recommended in the DAS 2015 guidelines. The participants first received a group tutorial (maximum of four per group) focusing on the anatomy of the neck, cricothyroid space and surgical FONA techniques. After the tutorial, a video was played demonstrating the palpable and impalpable FONA techniques on cadavers. Immediately following the tutorial and video, the participants practiced both techniques under the individual direction of one of the investigators (CP, CM, CH, IQ) on commercially available cricothyroidotomy training models.
The Crico-Trainer 'Adelaide' model (VBM Medizintechnik GmbH, Sulz am Neckar, Germany) was used for the palpable scenario and the Crico-Trainer 'Frova' model (VBM Medizintechnik GmbH, Sulz am Neckar, Germany) for the impalpable scenario. The 'Frova' model used for the impalpable scenario was modified by smoothing the thyroid prominence to make the anatomy more difficult to feel and three layers of red dyed Soffran â Plus 'crepe' bandage (BSN Medical, Stockholm, Sweden,) were placed between the double layered skin of the model to simulate an increased layer of fat and subcutaneous tissue (Fig. 1 ). These models were chosen as they are common cricothyroidotomy training tools available to UK anaesthetic departments. Equipment provided to perform the cricothyroidotomy comprised a size-10 disposable scalpel (SwannMorton Ltd, Sheffield, UK), a 14-Fr Frova intubating bougie (Cook Group Inc, Bloomington, IN, USA), a size-6 cuffed Mallinckrodt TM tracheal tube (Medtronic plc, Dublin, Republic of Ireland) and a self-inflating bag.
After completing the above training programme, each participant was fitted with a Polar H7 heart rate monitor (Polar Electro UK Ltd, Warwick, UK) and took part individually in a high-fidelity simulated anaesthesia scenario. The participant was called to help a junior anaesthetist who had declared a failed intubation. On arrival, the participant was briefed about the simulated patient, who was undergoing an elective surgical procedure, and informed that three attempts at tracheal intubation had failed. The participant was then asked to take over the case, with one of the investigators acting as the anaesthetist's assistant. Participants were requested not to reveal the scenario to other participants or colleagues in the department.
The scenario was run in a simulated theatre environment with a SimMan â manikin (Laerdal Medical AS, Stavanger, Norway) and computer screen displaying standard anaesthetic monitoring (ECG, non-invasive blood pressure, pulse oximetry (SpO 2 ) and endtidal CO 2 ). The manikin was set in a CICO mode with initial oxygen saturation of 96% and programmed such that the oxygen saturation decreased by 10% every minute soon after handing over the case to the study participant. Once the saturation reached 70%, a progressive bradycardia started, with the heart rate decreasing by 10 beats.min À1 until a heart rate of 40 beats.min À1 was attained. When the participants declared a CICO event, they were then asked to perform surgical FONA on one of the cricothyroidotomy training models as described above.
Each participant performed surgical FONA twice; once on a palpable and once on an impalpable cricothyroid membrane model. The order in which the cricothyroidotomy models were presented was determined by block randomisation: computer-generated numbers were used to allocate a palpable or impalpable first instruction inside sequentially numbered opaque envelopes, ensuring equal numbers in each sequence group. The randomisation was revealed, to the investigators only, as soon as the participant declared a CICO scenario. Once a participant performed the procedure on one model, they were then immediately presented with the other model. The procedures were video recorded and all participants debriefed on their performance.
At the beginning of the training session, participant data, including: age; seniority; sex; and previous experience of FONA during the last 12 months, were collected by questionnaire. When the participants declared a CICO event during the simulation phase, the oxygen saturation on the SimMan â monitor was recorded, along with the participant's heart rate as a surrogate marker for stress. The procedural time, defined as the time from initial palpation of the model neck to the moment the first breath was delivered to the model lungs, was measured for both of the cricothyroidotomies performed by each participant. The participants' heart rates were continuously monitored during each FONA, with recordings made every 30 s. The video recordings were later arranged into two duplicate sets, both of which featured the complete set of recordings, but in differing orders. Care was taken to ensure that the recordings showed the airway model and participants' hands only. Each set was scored independently by one of two expert evaluators (PB, RH), who were otherwise not involved in the study and were blinded to the randomisation process. Individual videos were coded and the copies of the recordings were transferred to a portable solid-state data storage device before handing over to the evaluators. This ensured that each evaluator assessed them in a random order.
The evaluators used a skill-specific checklist score to assess the technical steps performed in the cricothyroidotomies. This score was adapted from that used by Freidman et al. [7] and modified to include the steps described in the DAS 2015 guidelines. There were a total of 12 steps in the palpable checklist and 14 steps in the impalpable checklist. Each step was scored as follows: 0 if it was not performed; 1 if inadequately performed; or 2 if it was correctly performed as described in the guidelines (Table 1 ). The study power calculations were performed based on cricothyroidotomy procedural time. Based on a similar study [8] , we derived the standard deviation of 29 s. To demonstrate a difference of 20 s as described in our previous work [9] , for a power of 0.9, with a significance level of 0.05, 50 participants were needed in each group. The differences in procedural times and heart rates were analysed using the paired Student t-test. Agreement between the two assessors was assessed using the intraclass correlation coefficient. The non-continuous Wilcoxon paired test was used for comparison of the checklist scores. Statistical significance was taken as p < 0.05. Analysis was carried out using statistical software SPSS (Version 18, SPSS Inc, Chicago, IL, USA).
Results
A total of 104 anaesthetists participated in the study. Baseline characteristics and experience is shown in . There was no significant difference in the participants' mean heart rates ( Table 3) . One of the palpable cricothyroid membrane videos was incompletely recorded, leaving 103 palpable and 104 impalpable recordings submitted to the evaluators for analysis. Agreement between the evaluators as assessed using intraclass correlation was 0.572 for the palpable cricothyroid membrane videos (95%CI 0.169-0.767) and 0.691 (95%CI 0.558-0.786) for the impalpable membrane videos, indicating an acceptable level of agreement between the evaluators. The scores from both evaluators were combined for further analysis.
The median checklist score was higher for the palpable scenario as compared with the impalpable scenario (Table 3 ) and the distribution of mean checklist scores for both palpable and impalpable scenarios are presented in Fig. 2 . We identified the steps most commonly scored 0 by both evaluators as poorly performed steps and these are summarised in Table 4 .
Discussion
Although we showed a difference in speed of securing an airway with a palpable vs. an impalpable membrane, the timings for the latter were still acceptable, demonstrating the positive effect of training. Both sets of times are comparable to those found by other groups investigating broadly similar bougie-assisted cricothyroidotomy techniques [10] [11] [12] [13] , with average procedural times of 33-81 s. Our study, however, is probably the first evaluation of the FONA techniques described in the DAS 2015 guidelines in a benchtop study and showed a high first-attempt success rate.
One of the desirable features for any front-of-neck access technique is its ability to be taught easily [14] . No matter how proficient a technique is in the hands of experts, if it cannot be successfully taught to practicing anaesthetists in a short period of time using simple and inexpensive training tools, it will have limited real-world utility. For this reason, we chose to use the readily available Crico-Trainer series of models [15] and study a varied group of anaesthetists after they had undergone a short period of in-house training on the DAS 2015 surgical FONA techniques, to assess the 'teachability' of those techniques. The high checklist scores obtained by our participants indicate that the standardised cricothyroidotomy techniques described in the 2015 DAS guidelines can be successfully taught to anaesthetists with little or no previous experience with surgical cricothyroidotomy. This result may go some way to allay the fears of the significant number of clinicians who state that their first preference would be for a needle cricothyroidotomy rather than a surgical technique [16] and minimise the psychological barriers to performing surgical front of neck access in a clinical CICO scenario.
The common mistakes observed during both palpable and impalpable scenarios included: failing to orientate the sharp edge of the scalpel towards the operator; not swapping hands while maintaining traction on the scalpel to pick up the bougie in the dominant hand; and failure to retract the scalpel correctly. In addition to the formal scores, we sought feedback from the evaluators on the reasons why they felt candidates tended to perform less well on some of the steps. Specific problems noted were: use of scalpel instead of finger dissection in the impalpable scenario; inappropriately deep stab incisions; not maintaining the scalpel in a vertical orientation; and poor general scalpel handling skills.
Analysis of those procedural steps which were less likely to be performed well gives an opportunity to further improve training techniques. A common theme was in the use of the scalpel, which is perhaps unsurprising as it is an instrument which few anaesthetists will have used regularly in their clinical practice.
Training in scalpel handling skills and emphasising putting the scalpel down before blunt dissection in the impalpable scenario (thereby removing some of the temptation to use sharp dissection) are two such training improvements which could be made. Further reduction in the error rate could also perhaps be achieved by the use of read-aloud action cards [17] .
Although the checklist scores were shown to be statistically higher for the palpable as opposed to the impalpable cricothyroid membrane scenario, the actual difference observed is unlikely to be clinically relevant. This may simply reflect the increased stress of performing a cricothyroidotomy on a neck with an impalpable cricothyroid membrane, rather than any actual increased difficulty of performing the procedure on an impalpable neck model. However, it is interesting to note that vertical skin incision and finger dissection, which are the two steps unique to the impalpable scenario, were among those more likely to be performed inadequately. These two steps require good anatomical knowledge and confidence, which can be achieved by regular training.
A potential weakness of our study is the use of low-fidelity cricothyroidotomy training models, which could limit comparisons with clinical situations. However, these were chosen as they are representative of the kinds of training material available to most anaesthetic departments. Predictive validation studies of cricothyroidotomy training on manikins vs. animal tissue models suggest that procedural difficulty is similar [18] and that the performance of individuals trained on one or other of these models was similar when later assessed on human cadavers [7] . It is logistically and ethically impossible to perform predictive validation studies on live human volunteers. When considering the use of the impalpable cricothyroid membrane technique in the clinical environment, this is likely to be considerably more challenging and stressful compared with the palpable technique. One reason for this is bleeding into the incision site obscuring the scalpel tip, which was the experience of Heard et al. in their wet lab [6] . Previous work found that performance of cricothyroidotomy in a simulated theatre environment, as opposed to a classroom environment, resulted in increased time to perform cricothyroidotomy [9] , presumably due to the increased psychological stress in the former situation. The lack of difference in participant heart rates between the palpable and impalpable situation cricothyroidotomies in our current study could therefore suggest that our simulated environment and airway models fell short of recreating the levels of stress of an actual CICO event. The fact that the cricothyroidotomies were performed on a second airway simulator (cricothyroidotomy models), as opposed to the SimMan â may have contributed to this and the nature of the pre-study training would of course have primed the participants to expect a CICO scenario. In addition, the layout of the simulation environment meant that participants were naturally guided to stand on the correct side of the cricothyroidotomy manikin, which may have again reduced the difficulty and stress of the procedures.
In real clinical situations following initial stab or skin incision, the field will be covered with blood, making the anatomical structures invisible. Therefore, actual procedure times are likely to be longer and failure rates may be higher for both the palpable and impalpable cricothyroid membrane scenarios than simulation data would suggest. However, this effect may be greater for impalpable cricothyroid membrane situations. Extrapolating these data to the rare but distinct situation of a cricothyroid membrane which is superficial but rendered impalpable due to overlying burns would also be inappropriate. The success of scalpelbougie-tube technique in such situations would therefore need to be evaluated separately.
Although we were able to show that initial training could be achieved in a short period of time, the interval at which refresher simulator training is required to maintain proficiency with these two techniques also needs to be evaluated.
In conclusion, we demonstrated that anaesthetists with limited or no prior experience of surgical FONA can be trained to perform the techniques recommended by the 2015 DAS guidelines to a high level of competence when assessed on a front-of-neck access simulator. By identifying the key steps which are less likely to be performed well, these can be given extra emphasis when devising future training programmes.
